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(57) ABSTRACT 
A display device includes a data request unit in a frame rate 
controller, and requires and transmits necessary data for the 
frame data buffer receiving and storing the image data of an 
entire pixel area and the rest of the frame rate controllers. In 
a case of a motion picture that is moved among a plurality of 
display areas, the image data corresponding to a plurality of 
regions is transmitted from the frame data buffer or a plurality 
of frame rate controllers, and in a case of the motion picture 
that is moved between neighboring pixel areas, the image data 
of the neighboring pixel area is transmitted from the frame 
data buffer or the neighboring frame rate controller for pro 
cessing. Accordingly, a fast-moving motion picture may be 
realized without the need for an additional memory. 

7 Claims, 7 Drawing Sheets 
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DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority from and the benefit of 
Korean Patent Application No. 10-2011-0102549, filed on 
Oct. 7, 2011, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND 

1. Field 
Exemplary embodiments of the present invention relate to 

a display device having high resolution. 
2. Discussion of the Background 
The resolution of a display device tends to be gradually 

increased by technological development. For example, a dis 
play device with high resolution of a full high definition 
(FHD) having a resolution of 1920x1080 has been developed. 
In the case of a high resolution display device, motion blur 
ring, in which an object appears blurred when realizing a 
motion picture, may be generated. 

To prevent motion blurring, a motion interpolation tech 
nique of generating a new image frame in which the motion is 
interpolated, and a frame rate control technique of controlling 
the number of frames per second by inserting the generated 
new image frame between two input image frames that are 
sequentially input from the outside are used. 

However, in the case of these techniques, application of 
motion interpolation has required an additional memory for 
storing motion data of an entire pixel area to a frame rate 
controller to receive the motion data of the entire pixel area. 
When receiving the motion data of a neighboring region, the 
motion picture that includes very fast speed motion may not 
be completed. 

The above information disclosed in this Background sec 
tion is only for enhancement of understanding of the back 
ground of the invention and therefore it may contain infor 
mation that does not form the prior art that is already known 
in this country to a person of ordinary skill in the art. 

SUMMARY OF THE INVENTION 

Exemplary embodiments of the present invention provide a 
high resolution display device capable of realizing a fast 
moving motion picture without the need for an additional 
memory provided in the high resolution display device. 

Additional features of the invention will be set forth in the 
description which follows, and in part will be apparent from 
the description, or may be learned by practice of the inven 
tion. 
An exemplary embodiment of the present invention dis 

closes a frame data buffer outputting a plurality of image data 
groups corresponding to a plurality of display areas and input 
from the outside; a plurality of frame rate controllers con 
nected to the frame data buffer; and a plurality of display areas 
connected to a plurality of frame rate controllers, wherein the 
plurality of frame rate controllers and the frame data buffer 
are all connected through a data communication line for bi 
directional communication. 
The plurality of frame rate controllers may respectively 

include a data request unit. 
The data request unit may require image data of a desired 

position to be transmitted to a portion of the frame data buffer 
or the plurality of frame rate controllers through the data 
communication line. 
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2 
The frame rate controllers may receive the image data of 

the desired position from the portion of the frame data buffer 
or the plurality of frame rate controllers through the data 
communication line. 
The display device may further include a first data com 

munication line connecting the frame data buffer and the 
plurality of frame rate controllers and being capable of uni 
directional communication, and the frame rate controllers 
may receive the image data group from the frame data buffer 
through the first data communication line. 
The frame rate controllers may respectively include a 

memory, and the memory may store the image data corre 
sponding to one display area connected to a frame rate con 
troller. 
A display device according to an exemplary embodiment 

of the present invention includes the data request unit in the 
frame rate controller, and requires and transmits necessary 
data for the frame data buffer receiving and storing the image 
data of the entire pixel and the rest of the frame rate control 
lers. In a case of a motion picture that is moved between a 
plurality of display areas, the image data corresponding to a 
plurality of regions is transmitted from the frame data buffer 
or a plurality of frame rate controllers, and in a case of the 
motion picture that is moved between neighboring pixels, the 
image data of the neighboring pixel area is transmitted from 
the frame data buffer or the neighboring frame rate controller 
for processing. Accordingly, the fast motion picture may be 
realized without an additional memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitutes apart of this specification, illustrate 
embodiments of the invention, and together with the descrip 
tion serve to explain the principles of the invention. 

FIG. 1 is an exemplary diagram illustrating a motion inter 
polation technique applied to a liquid crystal display accord 
ing to an exemplary embodiment of the present invention. 

FIG. 2 is a view of a framerate control technique according 
to an exemplary embodiment of the present invention. 

FIG. 3 is a block diagram of a display device according to 
an exemplary embodiment of the present invention. 

FIG. 4 is a block diagram of the framerate controller shown 
in FIG. 3. 

FIG. 5A and FIG. 5B are diagrams illustrating the first 
operation of a display device according to an exemplary 
embodiment of the present invention. 

FIG. 6 is a diagram illustrating the second operation of a 
display device according to an exemplary embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The invention is described more fully hereinafter with ref 
erence to the accompanying drawings, in which embodiments 
of the invention are shown. This invention may, however, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein. Rather, 
these embodiments are provided so that this disclosure is 
thorough, and will fully convey the scope of the invention to 
those skilled in the art. 

In the drawings, the thickness of layers, films, panels, 
regions, etc., are exaggerated for clarity. Like reference 
numerals in the drawings denote like. It will be understood 
that when an element such as a layer, film, region, or Substrate 
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is referred to as being “on” or “connected to another ele 
ment, it can be directly on or directly connected to the other 
element, or intervening elements may also be present. In 
contrast, when an element is referred to as being “directly on 
or “directly connected to another element, there are no inter 
vening elements present. It will be understood that for the 
purposes of this disclosure, “at least one of X, Y, and Z' can 
be construed as X only, Y only, Zonly, or any combination of 
two or more items X, Y, and Z (e.g., XYZ, XYY.YZ, ZZ). 

First, referring to FIG. 1, a motion interpolation technique 
applied to a liquid crystal display according to an exemplary 
embodiment of the present invention will be described. FIG. 
1 is an exemplary diagram illustrating a motion interpolation 
technique applied to a liquid crystal display according to an 
exemplary embodiment of the present invention. 

Referring to FIG. 1, an object is moved from a left lower 
side of a display Screen to a right upper side of the display 
screen. X(n-1) represented in the drawing is an X-axis coor 
dinate value of a previous frame, and X(n) is the coordinate 
value of a current frame. Also, Y(n-1) represented in the 
drawing is a Y-axis coordinate value of the previous frame, 
and Y(n) is the Y-axis coordinate value of the current frame. A 
horizontal motion vector HM is calculated from a difference 
between the X-axis coordinate value of the current frame and 
the X-axis coordinate value of the previous frame. A vertical 
motion vectorVM is calculated from a difference between the 
Y-axis coordinate value of the current frame and the Y-axis 
coordinate value of the previous frame. The horizontal 
motion vector HM may include direction information and 
speed information for an X-axis direction in which the image 
is moved, and the vertical motion vector VM may include the 
direction information and the speed information for a Y-axis 
direction in which the image is moved. 

If the horizontal motion vector HM and the vertical motion 
vector VM are calculated, motion estimation for the object is 
performed by using the calculated horizontal and vertical 
motion vectors HM and VM. A movement path of the image 
displayed on the display screen is estimated via the motion 
estimation. A new middle image is generated which repre 
sents the object positioned upon the estimated movement 
path. 

FIG.2 is a view of a framerate control technique according 
to an exemplary embodiment of the present invention. 

Referring to FIG. 2, a frame rate control technique is a 
technique of changing a frame rate of an input image frame 
transmitted per second. The frame rate means the number of 
frames allocated per second. 

In FIG. 2, the first to sixth input image frames Frame1, 
Frame2, Frame3, Frame4, FrameS, and Frame(6 are frames of 
the input image input to a frame rate conversion device 
described above, and the first to seventh output image frames 
Frame1", Frame2", Frame3", Frame4', Frames', Frame(6', and 
Frame2" are frames of an output image output to the framerate 
conversion device. 
As shown in FIG. 2, when changing the first to fifth input 

image frames Frame2-Frames of 5 frames into the first to 
sixth output image frames Frame1"-Frame(5' of 6 frames 
through a frame rate conversion operation, the first output 
image frame Frame1" that is the same as the first input image 
frame Frame1 and the second to the sixth output image frames 
Frame2"-Frame6' that are motion-interpolated are generated 
from the first to fifth input image frames Frame1-Frames. 

For example, the second output image frame Frame2" is the 
frame generated based on the motion vector calculated from 
the first input image frame Frame1 and the second input 
image frame Frame2. If it is assumed that the first input image 
frame Frame1 has a position of 0 and the second input image 
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4 
frame Frame2 has a position of 1, the second output image 
frame Frame2" is generated by combining an image predicted 
at a distance of /6 in a direction to the second input image 
frame Frame2 from the first input image frame Frame1 and an 
image predicted at a distance of 5/6 in the direction to the first 
input image frame Frame1 from the second input image 
frame Frame2. 
The third output image frame Frame3" is generated by 

combining the image predicted at the distance of 2/6 to the 
third input image frame Frame3 from the second input image 
frame Frame2 and the image predicted at the distance of/6 to 
the second input image frame Frame2 from the third input 
image frame Frame3. Through the same method, the fourth to 
sixth output image frames Frame4', FrameS', and Frame(6' are 
respectively generated. 

Next, a display device having very high resolution accord 
ing to an exemplary embodiment of the present invention 
applied with the above-described motion interpolation 
method and framerate control method will be described with 
reference to the accompanying drawings. 
A display device according to an exemplary embodiment 

of the present invention will be described with reference to 
FIG. 3. FIG.3 is a block diagram of a display device accord 
ing to an exemplary embodiment of the present invention. 

Referring to FIG. 3, a display device 100 according to an 
exemplary embodiment of the present invention includes a 
frame data buffer 110, n frame rate controllers FRC1, 
FRC2, ..., FRCn, and n display units DA1, DA2, ..., Dan. 

In the present exemplary embodiment, it is assumed that 
the display units DA1, DA2,..., Dan include a liquid crystal 
panel having a resolution of (nxi)X. For example, n may be a 
natural number of more than 2, i may be 1024, and may be 
2160, and if n=4, the number of frame rate controllers and 
display units is 4, and in this case, the display device may have 
a resolution of 4096x2160. 
The frame data buffer 110 receives the image data from a 

Video system disposed outside and transmits it to the frame 
rate controllers FRC1, FRC2, ..., FRCn. 
The frame data buffer 110 receives the image data corre 

sponding to the resolution of the display device. For example, 
the frame data buffer 110 receives the image data of 4096x 
2160, and divides the image data into n and transmits the 
image data to the frame rate controllers FRC1, FRC2, . . . . 
FRCn. The frame data buffer 110 may be a graphics chip or an 
image data divider. 
The frame data buffer 110 and the frame rate controllers 

FRC1, FRC2, . . . , FRCn are connected by the first data 
communication line a for uni-directional communication. 
The first data communication linea includes a plurality of the 
first communication units a1, a2, . . . . an connected to the 
frame rate controllers FRC1, FRC2, ..., FRCn. 
The frame rate controllers FRC1, FRC2, ..., FRCn respec 

tively include data request units R1, R2, ..., Rn. The data 
request units R1, R2, . . . . Rn require the image data of a 
desired pixel area to be transmitted to the frame data buffer 
110 or the frame rate controllers FRC1, FRC2, ..., FRCn, if 
necessary. 
The frame rate controllers FRC1, FRC2, ..., FRCn are 

respectively connected to the frame data buffer 110 and the 
rest of the frame rate controllers FRC1, FRC2, ..., FRCn 
through the second data communication line b for bi-direc 
tional communication. The second data communication lineb 
includes a plurality of the second communication units b1, 
b2,..., bn respectively connected to the framerate controllers 
FRC1, FRC2, ..., FRCn. Accordingly, the data request units 
R1, R2, . . . . Rn may require the image data or the motion 
vector value of the desired pixel area to be transmitted to the 
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frame data buffer 110 or the frame rate controllers FRC1, 
FRC2, ..., FRCn through the second communication units 
b1, b2, ..., bn, and may receive the data. The second data 
communication lineb may be a serial protocol such as an I2C 
(inter-integrated circuit, “I square C), an SPI (serial periph 
eral interface), or an AS. 

Also, the frame data buffer 110 may calculate the motion 
vector of the image data of each of the display units DA1, 
DA2, . . . , Dan, and in this case, the data request units 
R1, R2, . . . . Rin may require and transfer the calculated 
motion vector to the frame data buffer 110. 

Next, a frame rate controller of a display device according 
to an exemplary embodiment of the present invention will be 
described with reference to FIG. 4. FIG. 4 is a block diagram 
of the framerate controller shown in FIG.3. FIG. 4 focuses on 
the first frame rate controller FRC1. 

Referring to FIG. 4, the first frame rate controller FRC1 
includes a first memory 121, a first data request unit 122, a 
first motion compensator 123, and a first frame rate convertor 
124. The other frame rate controllers FRC2, ..., FRCn may 
have the same configuration. 

The first frame rate controller FRC1 receives the image 
data or the motion vector value from the frame data buffer 110 
through the first communication unita1. The input image data 
may be transmitted to the first memory 121, the first data 
request unit 122, and the first motion compensator 123 
through the first transmitting line aa1. However, after the 
input image data are transmitted and stored to the first 
memory 121, the first data request unit 122 or the first motion 
compensator 123 may receive the stored data from the first 
memory 121 through the second transmitting line aa2. After 
the first data request unit 122 analysis of the input image data, 
when additional image data or another motion vector value 
does not exist, the first data request unit 122 requires the 
image data or the motion vector for the frame data buffer 110 
to be transmitted through the first portion bb1 of the first 
communication unit b1 of the second data communication 
lineb, or the image data or the motion vector to be transmitted 
to the other frame rate controller FRCn through the second 
portion bb2 of the first communication unit b1 of the second 
data communication line b. 
When the first data request unit 122 requires the image data 

or the motion vector for the frame data buffer 110, the frame 
data buffer 110 may transmit the required data through the 
first communication unit a1 or the first communication unit 
b1 of the second data communication line b for bi-directional 
communication. 

After the first data request unit 122 receives the required 
data, the first data request unit 122 transmits the required data 
to the first motion compensator 123 through the third trans 
mitting line aa3, the first motion compensator 123 estimates 
the motion by using the motion vector of the motion picture, 
and the first framerate convertor 124 calculates and transmits 
the prediction image data to the first display unit 125. 

In this way, the frame rate controllers FRC1, FRC2, . . . . 
FRCn of the display device according to an exemplary 
embodiment of the present invention respectively include the 
data request units R1, R2, ..., Rn, and are connected to the 
frame data buffer 110 through the first data communication 
line a for the uni-directional communication. Also, the frame 
rate controllers FRC1, FRC2, . . . , FRCn are respectively 
connected to the frame data buffer 110 and the rest of the 
frame rate controllers FRC1, FRC2, ..., FRCn through the 
second data communication line b for the bi-directional com 
munication. 

Accordingly, if necessary, the frame rate controllers FRC1, 
FRC2, ..., FRCn may respectively receive and process the 
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6 
image data of the entire pixel area from the frame data buffer 
in the case of the motion picture that is moved within the 
entire screen, or may respectively receive and process the 
image data of the neighboring pixel area from the neighboring 
frame rate controller in the case of the motion picture that is 
moved between neighboring pixel areas. Therefore, without 
an additional memory, a fast-moving motion picture may be 
correctly realized. 

However, in the case of the display device according to 
another exemplary embodiment of the present invention, the 
first communication line a may be omitted. In detail, the 
frame rate controllers FRC1, FRC2, ..., FRCn respectively 
include the data request units R1, R2, . . . . Rn and may be 
connected to the frame data buffer 110 through only the 
second data communication line b for the bi-directional com 
munication of the fast speed. Accordingly, the frame rate 
controllers FRC1, FRC2, ..., FRCn may receive all the data 
through the second data communication line b for the bi 
directional communication from the frame data buffer 110. 

Thus, an operation of each frame rate controller FRC1, 
FRC2, . . . , FRCn of the display device according to an 
exemplary embodiment of the present invention will be 
described with reference to FIG. 5A, FIG. 5B, and FIG. 6. 
FIG.5A and FIG. 5B are diagrams illustrating the first opera 
tion of a display device according to an exemplary embodi 
ment of the present invention, and FIG. 6 is a diagram illus 
trating the second operation of a display device according to 
an exemplary embodiment of the present invention. 
The first operation of a display device according to an 

exemplary embodiment of the present invention will be 
described with reference to FIG. SA and FIG.SB. 

First, referring to FIG.5A along with FIG.3, in a case of an 
image that is disposed in both the first display unit region and 
the second display unit region in the first frame Fn and then is 
moved to only the second display unit region in the second 
frame F(n+1), the second data request unit R2 of the second 
frame rate controller FRC2 requires the image data informa 
tion of the boundary portion between the first display unit 
region and the second display unit region to be transmitted 
from the first frame rate controller FRC1. Accordingly, all of 
the correct prediction image data may be obtained without a 
loss portion (X). 

Next, referring to FIG. 5B along with FIG. 3, the shown 
image is disposed throughout a wide region extending from 
the first display unit region into the third display unit region in 
the first frame Fn, and then is moved into the region extending 
from the third display unit region into the fourth display unit 
region in the second frame F(n+1). Accordingly, when the 
third frame rate controller FRC3 calculates only the predic 
tion image data of the second display unit region, the image 
data of the portion X is lost and the correct prediction is 
impossible. Accordingly, to obtain the complete prediction 
image data, the third data request unit R3 of the third frame 
rate controller FRC3 requires an additional image data of the 
loss portion of the first display unit region to be transmitted to 
the first frame rate controller FRC1 or the frame data buffer 
110. The third frame rate controller FRC3 may calculate all of 
the complete prediction image data by using the additional 
required image datay as well as the image data of the second 
display unit region. Accordingly, although the image is 
moved which is initially disposed in a wide region including 
a display unit region and neighboring display unit regions, the 
correct motion data may be calculated. 

Referring to FIG. 6, the second operation of the display 
device according to an exemplary embodiment of the present 
invention will be described. 
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Referring to FIG. 6 along with FIG.3, in the first case (case 
1), a star is disposed in the first display unit region in the first 
frame Fn, and then is moved into the fourth display unit 
region in the second frame F(n+1). In this case, the fourth 
frame rate controller FRC4 receives the image information 
from the first frame rate controller FRC1 that is separated 
from the fourth frame rate controller FRC4 or the frame data 
buffer 110, and thereby the prediction image data reflecting 
the correct motion vector of the star may be obtained. In the 
second case (case2), the Star is disposed in the third display 
unit region in the first frame Fn and is then moved into the 
fourth display unit region in the second frame F(n+1). In this 
case, the fourth framerate controller FRC4 receives the image 
information from the third frame rate controller FRC3 that is 
close thereto or the frame data buffer 110, and thereby the 
prediction image data reflecting the correct motion vector of 
the star may be obtained. 
As described above, the display device according to an 

exemplary embodiment of the present invention may require 
and receive the image data of the desired pixel area from a 
frame rate controller that is separated from the desired pixel 
area or the frame data buffer 110 in which the entire image 
data is input and stored, as well as the neighboring frame rate 
controller, to calculate the motion vector under the framerate 
control according to the position of the necessary image data, 
thereby calculating the prediction image data. Accordingly, in 
the image that is quickly moved throughout a wide region 
including a display unit region and neighboring display units, 
correct motion data may be obtained. 
As described above, in the display device according to an 

exemplary embodiment of the present invention, a plurality of 
frame rate controllers include the data request unit, and bi 
directional communication is possible between a plurality of 
frame rate controllers and between the frame rate controller 
and the frame data buffer. The frame rate controller may 
easily receive the image data of the desired position without 
an additional memory, and the prediction image data of the 
motion picture that is disposed throughout a wide region or is 
quickly moved may be correctly calculated and obtained. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention cover 
the modifications and variations of this invention provided 
they come within the scope of the appended claims and their 
equivalents. 

What is claimed is: 
1. A display device comprising: 
a frame data buffer outputting a plurality of image data 

groups corresponding to a plurality of display areas: 
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8 
a plurality of frame rate controllers connected to the frame 

data buffer, each of the frame rate controllers compris 
ing: 
a data request unit; and 
a motion compensator configured to receive an output of 

the data request unit, 
the motion compensator and the data request unit being 

disposed in the same frame rate controller, and 
a plurality of display areas connected to the plurality of 

frame rate controllers, 
wherein: 

the plurality of frame rate controllers and the frame data 
buffer are all connected together through a first data 
communication line configured for bi-directional 
communication; 

the frame data buffer is connected to the data request unit 
in each of the frame rate controllers through the first 
data communication line; 

the display device further comprises a second data com 
munication line connecting the frame data buffer and 
the plurality of frame rate controllers and configured 
to perform uni-directional communication; and 

the frame rate controllers receive the image data group 
from the frame data buffer through the second data 
communication line. 

2. The display device of claim 1, wherein the data request 
unit requires image data of a desired position to be transmitted 
to a portion of the frame data buffer or the plurality of frame 
rate controllers through the first data communication line. 

3. The display device of claim 2, wherein the frame rate 
controllers receive the image data of the desired position from 
the portion of the frame data buffer or the plurality of frame 
rate controllers through the first data communication line. 

4. The display device of claim 3, wherein: 
each of the frame rate controllers further comprises a 
memory; and 

the memory stores the image data corresponding to one 
display area connected to a frame rate controller. 

5. The display device of claim 1, wherein each of the frame 
rate controllers comprises a memory configured to store the 
image data corresponding to one display area connected to a 
frame rate controller. 

6. The display device of claim 1, wherein the motion com 
pensator is configured to estimate motion by using a motion 
vector of a motion picture displayed by a display unit of the 
display device. 

7. The display device of claim 6, wherein each of the frame 
rate controllers further comprises a frame rate convertor con 
figured to receive an output of the motion compensator and to 
calculate and transmit prediction image data to the display 
unit. 


